














































































































extent to which the Coralville Lake is significantly
affecting the hydraulic properties and sediment-trans-
port capacity of the lowa River at Marengo.

U.S. Highway 63 Bridge Crossing the
South Skunk River near Oskaloosa
(Site 11)

The U.S. Highway 63 bridge crosses the South
Skunk River about 4 mi north of Oskaloosa in
Mahaska County. This is the site of the South Skunk
River near Oskaloosa streamflow-gaging station (sta-
tion number 05471500; fig. 1, site 11). Streamflow
records for the period October 1945 to September
1993 were available for use in this study. The datum of
the gage is 685.50 ft above sea level.

The U.S. Highway 63 bridge (fig. 16A} was
built in 1979, The design high-water elevation for the
bridge was 709.80 ft {gage height 24.30 {t). Differ-
ences in elevation between bridge-opening cross-sec-
tions obtained from the IDOT bridge-situation plan
and from the 1994 transit survey indicate a decrease in
cross-sectional area of 8.5 percent below the design
high-water elevation, Figure 16A shows that for the
period 1979-94, deposition occurred on both the left
and right banks of the bridge opening, and scour
occurred on the far left and right sides of the channel

-bed. Bridge cross-section and geometry elevations
obtained from the bridge-situation plan were adjusted
by ~7.00 ft to rectify them with bridge elevations sur-
veyed during 1994. The stage-discharge relation of

~ four selected rating curves (fig. 16B) shows a general

trend of increasing gage height for specific discharges,
and a time series of the 17 rating curves developed for
the period of record (fig. 16C) also shows this general
trend.

State Highway 149 Bridge Crossing the
North Skunk River near Sigourney
(Site 12)

The State Highway 149 bridge crosses the North
Skunk River about 2.2 mi south of Sigourney in
Keokuk County. This is the site of the North Skunk
River near Sigourney streamflow-gaging station (sta-
tion number 05472500; fig. 1, site 12). Streamflow
records for the period October 1945 (o September
1993 were available for uge in this study. The datum of
the gage is 651.53 ft above sea level.

The State Highway 149 bridge (fig. 17A) was
built in 1987, The design high-water elevation for the
bridge was 675.5 ft (gage height 24.0 ft). Differences
in elevation between bridge-opening cross-sections
obtained from the IDOT bridge-situation plan and
from a 1993 discharge measurement indicate a
decrease in cross-sectional area of 11.9 percent below
the design high-water elevation. Figure 17A shows
that for the period 1987-93, deposition occurred
across the bridge opening. The stage-discharge rela-
tion of four selected rating curves (fig. 178) shows a
general trend of increasing gage height for most of the
specific discharges, and a time series of the 18 rating
curves developed for the period of record (fig. 17C)
also shows this general trend.

Dendrogeomorphic analyses, bridge site 11

Aggradation rates
Range of {feet per year)
Dominant

Location Number  sediment  Deposition Tree

relative of type depths ages

to bridge samples  sampled () {years} Range Mean  Median
Left upstream 5 sit/clay 083-301 23-64  (026-087 00353 0.047
Right upstream 5 sift/clay 146-308 2773 032 - 099 064 059
Left downstream 5 sand 37-297  17-55 010 - 087 043 043
Right downstream 5 silt/clay 1.02~1.83 26 - 50 028 ~ 052 043 045
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Figure 16. Selected (A} bridge-opening cross sections, (B} stage-discharge rating curves, and (C) time seties of rating-curve
stages for selected discharges for U.S8. Highway 63 bridge crossing the South Skunk River near Oskaloosa, bridge site
number 11 {streamflow-gaging station number 05471500},
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Figure 17. Selected (A} bridge-opening cross sections, (B} stage-discharge rating curves, and (C) time series of rating-curve
stages for selected discharges for State Highway 149 bridge crassing the North Skunk River near Sigournay, bridge site
number 12 {streamfiow-gaging station number 05472500).
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TDrendrogeomorphic analyses, bridge site 12

Aggradation rates
Range of (feet per year)
Dominant

Location Number  sediment  Deposition Tree

relative of type depths ages

to bridge samples  sampled () {years) Range Mean Median
Left upstream 5 silt/clay 010-72  25-49 0.004-.015 0011 ¢.010
Right up‘stream 5 silt/clay 16-124 1840 008 -.037 023 029
Left downstream 5 sand 102 ~-150 25 - 37 028 - 058 043 040
Right downstream 5 silt/clay 29-75 17-40 012 - 044 021 016

COMPARISON AND DISCUSSION OF
AGGRADATION MEASUREMENTS

Results of the aggradation méeasurements (table
1) indicate that aggradation is occurring in both the
Towa and Skunk River Basins. In general, slightly
higher aggradation rates were estimated for the Iowa
River for the reach from State Highway 330 near
Albion downstream to County Road V66 at Marengo
(sites 5-10). Estimates of mean flood-plain aggrada-
tion rates calculated using the dendrogeomorphic
method at the 12 bridge sites ranged from 0.013 to
0.051 ft/yr, and estimates of median rates ranged from
0.010 10 0.046 fi/yr. Trees sampled for the dendrogeo-
morphic analyses ranged in age from 9 to 98 years.
Estimates of average bridge-opening aggradation rates
calculated using the bridge-opening cross-section
" method at the 12 bridge sites ranged from -0.977 to
0.500 ft/yr. Measurement periods used in the bridge-
opening cross-section analyses ranged in length from
3 to0 51 years. The stage-discharge rating-curve
method used the 5-year flood discharge to estimate
. floodway aggradation rates and the average discharge
to estimate channel-aggradation rates at six of the
bridge sites. Estimates calculated using the stage-dis-
charge rating-curve method ranged from -0.028 to
0.298 ft/yr for floodway aggradation, and from -0.031
to 0.108 fi/yr for channel aggradation. Measurement
periods used in the stage-discharge rating-curve analy-
ses ranged in length from § to 75 years. Sediments
deposited during the 1993 flood on the nine sediment
pads were variable and depths of deposition ranged
" from 0.004 to 2.95 ft. Average flood-plain aggradation
rates estimated from sediment-pad measurements at
three of the bridge sites on the Iowa River in the vicin-

ity of Marshalltown ranged from 0.037 to 1.100 ft/yr
for 1993, and ranged from 0.038 to 0.579 fi/yr for
1993-04.

A direct comparison cannot be made between

| aggradation rates calculated using each of the four

measurement methods because of differences in time
periods and aggradational processes that were mea-
sured by each method. Measurement periods used to
estimate average aggradation rates ranged in length
from 1 to 98 years and varied among methods and
sites. The methods measured different aggradational
processes; the dendrogeomorphic and sediment-pad
methods measured flood-plain aggradation, the cross-
section method measured aggradation at bridge open-
ings, and the rating-curve method measured both
floodway and channel aggradation.

Aggradation rates calculated using the bridge-
opening cross-section method were much more vari-
able than the rates calculated using the dendrogeomor-
phic and rating-curve methods. Because cross sections
were surveyed for bridge openings following the 1993
flood, cross-sectional areas at some of the bridge
openings might have been affected by scour or deposi-
tion as a resuit of that flood. Aggradation rates calcu-
lated using the dendrogeomorphic method might also
have been affected by the 1993 flood, as sediment-
deposition depths were measured following the flood.
Aggradation rates calculated using the stage-discharge
rating-curve method were not affected by the 1993
flood, as all of the rating curves used in the analyses
were in effect before the flood. Rates calculated using
the rating-curve method might nof represent changes
in stage due only to deposition or scour, as other
changes in channel and flood-plain conditions also can
affect a stage-discharge relation. .

Comparison and Discussion of Aggradation Measurements 33



The highest aggradation rates calculated for the
Iowa River Basin using the dendrogeomorphic and
rating-curve measurement methods were for the State
Highway 14 crossing at Marshalltown (table 1, sitc 6),
where these highest rates were 0.045 and 0.124 ft/yr,
respectively. The highest aggradation rates calculated
for the Skunk River Basin were for the U.S. Highway
63 crossing the South Skunk River near Oskaloosa
(table 1, site 11), where these highest rates were 0,051
and 0.298 ftfyr, respectively. The similar aggradation
rates calculated for both the Marshalltown and Oska-
loosa bridge sites using each measurement method,
the dendrogeomorphic method and the rating-curve
method for the 5-year flood discharge, indicate that
similar flood-plain and foodway aggradation pro-
cesses might be occurring at the two sites.

Information on recent aggradation rates (table 1)
was available from stage-discharge rating curves at 3
of the bridge sites (sites 1, 6, 10, 11, and 12), from
bridge-opening cross sections obtained from discharge
measurements at 2 of the bridge sites (sites 6 and 10),
and from sediment-pad measurements at 3 of the
bridge sites (sites 5-7). A comparison of rating-curve
aggradation rates calculated using the 5-year flood dis-
charge indicates that recent floodway-aggradation
rates might be greater than those calculated for longer
measurement periods at Marshalltown, Marengo, and
Oskaloosa (sites 6, 10, and 11). A similar comparison
made using the average discharge indicates that recent
channel-aggradation rates might be greater at Mar-
shalltown, Marengo, and Sigourney (sites 6, 10, and
12). A comparison of bridge-opening cross sections
for the State Highway 14 bridge at Marshalltown indi-
cates that recent bridge-opening aggradation rates also
might be greater. Information obtained from sediment-
pad measurements of sediments deposited during the
1993 flood indicates that aggradation along the fowa
River in the vicinity of Marshalltown is quite variable
and site specific. At some flood-plain locations, sedi-
ment deposition during the 1993 flood was substantial
in both depth and lateral extent of deposits.

Although information on recent aggradation
rates is not considered to be as reliable as information
on aggradation rates calculated for longer measure-
ment periods, information on recent aggradation rates
is indicative of current aggradational processes and
useful to planners and engineers. Information on
recent aggradation rates is not considered 1o be as reli-
able because: differences in stages between recent rat-
ing curves could include nonrepresentative short-term

fluctuations in the stage-discharge relation; differences
in elevations between cross sections obtained from
high-water discharge measurements and low-water
transit surveys could include discharge-related scour
and deposition fluctuations in channel bed and over-
bank elevations; and sediment-pad measurements pro-
vide only a small sample of sediment-deposition
depths and they might not be representative of overall
flood-plain deposition,

Aggradation rates calculated for both the
upstream and downstream corners of bridges at the [2
bridge sites using the dendrogeomorphic method, indi-
cate that upstream mean and median rates of flood-
plain aggradation are not greater than downstream
mean and median rates at 9 of the 12 bridge sites (sites
14, 6-9, and 12). This suggests that backwater effects
from bridge structures and causeways at these sites
have not contributed to increased aggradation on the
upstream sides of these bridges. The dendrogeomor-
phic analyses do indicate that greater aggradation rates
might be occurring on the upstream sides of the State
Highway 330 bridge near Albion (site 5}, the County
Road V66 bridge at Marengo {site 10), and the U.S.
Highway bridge near Oskaloosa (site 11). Hydraulic
analyses would be required to determine whether any
of these bridge structures and causeways significantly
affect the hydraulic properties and sediment-transport
capacity of the river at these sites.

Table 2 lists average aggradation rates calcu-
lated for studies conducted in other states. These stud-
ies estimated aggradation rates for both natural and
channelized streams using one of three measurement
methods. In general, these studies indicated aggrada-
tion rates for natural streams ranged from 0.016 to
0.492 ft/yr, and aggradation rates for channelized
streams ranged from 0 to 0.492 ft/yr. Because the
aggradation rates estimated in these studies represent a
variety of climatic, physiographic, and hydrologic
conditions, they might not be comparable 1o condi-
tions in the Iowa and Skunk River Basins. Table 2 is
presented as a frame of reference of aggradational pro-
cesses occurring in other states, so as to exemplify
how usual, or unusuai, the aggradational processes
occurring in the Towa and Skunk River Basins might
be. Flood-plain aggradation rates calculated in this
study using dendrogeomorphic analyses (table 1) are
within the range of rates listed in table 2 for dendro-
geomorphic analyses conducted in other states.
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Table 2. Summary of aggradation rates calculated for studies conducted in other siates

Measurement Average
Aggradation-measurement reference and remarks Type of stream ‘ aggradation ratc
method
(feet per year)
Trimble and Lond (1982, p. 18) ) Natuzal . Volumetric 0.049-0.492
Depositional periods since 1853 for Coon Creek, southwestern Wisconsia surveys '
Jolinston and others {1984, p, 289} ‘ Natoral e dating 0.086
Natural levee deposition rate for a small stream, northeastern Wisconsin; techniques
estimate not determined for deposition rates over broad extent of wetland
Hupp and Morris (1990) Channelized Bendrogeomorphic . 0.0003, 0.020
Forested wetland on flood plain adjacent to Cache River, Arkansas; upstream analyses
rates for elevated portions of the flood plain and slough, raspectively
Simon and Hupp (1992, p. 95-96) Natural Dendrogeomorphic 0.016-0.049
Hatchie River, western Tennessee analyses
Simon and Hupp (1992, p. 95-963 Channelized Dendrogeomorphic 0.0-0.492
Western Tennessee streams anaiyses
Wolfe and Piehl (1993, p. 93 Channelized Dendrogeomorphic 0.0-0.24
North Fork Forked Deer River, western Tennessee analyses
Phipps and others {1995, p. 23} Channelized Dendrogeomorphic 0.011-0.026,
Kankakee River, eastern Iilinois; upstream analyses 0.018-0.031

pre-1950 and post-1950 rates, respectively

POSSIBLE FACTORS CONTRIBUTING TO
AGGRADATION OF THE IOWA RIVER
NEAR MARSHALLTOWN

Several interrelated factors might be contribut-
ing to the relatively high rate of aggradation of the
Towa River at Marshalltown. Information presented in
this section of the report identifies, qualitatively, fac-
tors that might contribute to the aggradation. Figure 18
shows an aerial photograph taken March 22, 1994, of
the Jowa River along the northwest side of Marshall-
town (photograph supplied by Leon Lamer, General
Manager, Marshalltown Water Works). The lowa
River flows eastward (left to right) in the photograph.
Several locations can be seen on the north side of the
river where sediments were deposited during the 1993
flood. The area northwest of the lowa Soldiers Home
represents approximately 20 to 30 acres of flood plain
where 1 to 12 in. of sand were deposited (Richard
Kemiler, landowner, oral commun., November 1994),

Erosion and Sedimentation
The physiography of the Jowa River Basin

changes between Alden and Eldora as the Jowa River
crosses from the Des Moines Lobe landform region to

the Southern Iowa Drift Plain landform region (fig. 1).
Mainly due to the steeper topography, erosion is
greater from watersheds in the Southern Iowa Drift
Plain than from watersheds in the Des Moines Lobe. A
map shown in the Upper Mississippi River Basin
Commission report (1979, p. 85) indicates that soil
erosion potential is very severe in southern Marshall
County, severe in the northeastern portion of the
county, and moderate in the northwestern portion of
the county. '

Loess Soils

The Southern Iowa Drift Plain landscape in the
vicinity of Marshall County (fig. 1) consists primarily
of glacial till covered by a mantle of wind-deposited
loess (Jowa Natural Resources Council, 1955a, p. 7;
Oschwald and others, 1965, p. 66). Loess consists
almost entirely of silt but might inclode small amounts
of very fine sand or clay (Oschwald and others, 1965,
p- 6). The loess deposits in the Iowa River Basin are
different from the loess deposits in western Jowa in
that the deposits are not as thick, and they are com-
prised of finer particles and have much lower infiltra-
tion rates (Towa Natural Resources Council, 1955a, p.
3 and 7). The loess is thickest near the majot streams,
where it might extend.to depths of 30 to 40 ft. On the
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Figure 18. Sediment deposits from the 1993 flood along the flood plain of the lowa River at Marshalitown, lowa (Photograph
on March 24, 1994, by Aeriat Services Inc., Cedar Falls, lowa).
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divides, loess deposits are seldom more than 10 ft
thick. In Grundy, Hardin, and northern Marshall Coun-
ties, the loess is predominantly 5 to 10 ft thick; in
southern Marshall County the loess is about 17 t0 25 ft
thick on the uplands and is thinner on the side slopes
(Oschwald and others, 1965, p. 66). Loess is highly
erodible and unstable when wet. Deep, narrow gullies,
which can lengthen and widen quickly after rain-
storms, are characteristic erosional features of loess
soils (Prior, 1991, p. 49, 56-57). When rising waters
saturate the base of channel banks, the loess can no
longer bear the weight of overlying material and it col-
lapses easily, resulting in bank sloughing. Channel
erosion from areas in and around Marshall County
with thick deposits of loess soils might contribute
large sediment loads to the Iowa River.

Land Use in Marshatl County

The tollowing information about land use in
Marshall County was supplied by the U.S. Department
of Agriculture, Natural Resources Conservation Ser-
vice, Marshall County Field Office (Dana Holland,
oral commun., February 1993, and written commun.,
March 1995). Soils in Marshall County can generally
be described as highly productive and well drained.
Over 90 percent of the soils in Marshall County were
formed from loess and have a sifty-clay-loam texture.
Tributary fiow 1o the fowa River in Marshall County
upstream of Marshalltown is from watersheds that
generally are flashy and are intensively farmed for
crop production. These drainage basing have steep
slopes ranging from 5 to 14 percent and have the
potential to contribute large sediment yields to the
Jowa River. About 83 percent of the total acreage in
Marshall County is cropland and soil erosion is a pri-
mary concern for nearly 70 percent of this cropland.
About 10 percent of the cropland has been enrolled in
the Conservation Reserve Program (CRP) defined by
the 1985 Farm Bill (U.S. Congress, 1985). Nearly all
of the CRP acreage is considered 1o be highly erodible
soil. If the CRP contracts expire, it is estirnated that 93
percent of the current CRP acreage would return fo
crop production. Nearly 40 percent of the cropland in
Marshall County is presently farmed with no-till tech-
niques, Annual soil-erosion losses in Marshall County
have decreased from 7.0 to 5.9 tons per acre during the
period 1982-92, but soil erosion in Marshall County
still exceeds average statewide soil-erosion losses for
1992 of 4.0 tons per acre per year (Laurel Mulvey,
U.S. Department of Agriculture, Natural Resources

Conservation Service, State of Towa Office, written
commun., February 1993).

Suspended Sediment

As sediment is transported through a stream sys-
tem, the material either is entrained as suspended load
or moves along the channel bottom as bed load (U.S.
Army Corps of Engineers, 1981, p. 17). Most sedi-
ment is transported during periods of storm runoff
{Upper Mississippi River Comprehensive Basin Study
Coordinating Committes, 1970, p. G~-9). Annual
observed suspended-sediment yields in the headwaters
of the Towa River Basin (upstream of lowa Falls) are
relatively low, being less than 100 tons per square mile
(U.S. Army Corps of Engineers, 1981, p. C43). Sus-
pended-sediment yields are considerably higher in the
Towa River Basin downstrearn of fowa Falls, where
yields from one 10-mi? drainage area were approxi-
mately 1,100 tons per square mile per year and yields
from one 100-mi? drainage area were about 650 tons
per square mile per year (Upper Mississippi River
Comprehensive Basin Study Coordinating Committee,
1970, p. G—42 10 G-43, and G-95}. Studies by Lane
(1938) indicated that the suspended-sediment load in
the Jowa River near Rowan (fig. 1, site 1) was about
equally divided between siit and clay with only a small
percentage of sand; whereas, in the Iowa River at
Marengo (fig. 1, site 10) the load composition wag 79
percent silt, 15 percent clay, and 6 percent sand.

Sediment-yield estimates computed from sus-
pended-sediment data and adjusted for a base period
of 194564 were 34 tons per square mile per year for
the Towa River near Rowan {site 1), 330 tons per
square mile per year for the lowa River at Marshall-
town (site 6), and 365 tons per square mile per year for
the Towa River at Marengo (site 10) (Upper Missis-
sippi River Comprehensive Basin Study Coordinating
Committee, 1970, p. G-23). This pattern of increasing
sediment vields af downstream locations on the Iowa
River is opposite the sediment-yield pattern indicated
by the majority of the suspended-sediment data ana-
lyzed for the Upper Mississippi River Basin, Typi-
cally, as the size of the drainage area increases, the rate
of sediment production per square mile dectreases
(Upper Mississippi River Comprehensive Basin Study
Coordinating Commitiee, 1970, p. G-27). These esti-
mates indicate that suspended-sediment yields to the
Towa River greatly increase between Rowan and Mar-
shalltown, and become greater between Marshalltown
and Marengo.

Possible Factors Contributing to Aggradation of the lowa River near Marshalitown 37



A sediment-measurement station was operated
by the USGS on the Iowa River at Marshalltown (sed-
iment-station number 05451500; fig. 1, site 6) from
April 1988 to February 1995; sediment data collected
through September 1994 were used for this study.
Annual suspended-sediment yields for the Jowa River
at Marshalltown for this period ranged from 5 tons per
square mile during water year 1989 (a drought year,
ending September 30, 1989) 10 1,759 tons per square
mile during water year 1993 (a flood year, ending Sep-
tember 30, 1993) (U.S. Geological Survey, 1990-95),
The average suspended-sediment yield at this station
for water years 1989-94 was 572 tons per square ile
per year, which is aimost twice the amount estimated
the period 1945-64.

increase in Streamfiow

Suspended-sediment yield differences between
the two time periods noted above are probably due to
differences in streamflow between these time periods,
as the mean daily discharge of the Iowa River at Mar-
shalltown for the period 1989-94 (1,440 fE/s) was
about twice the mean daily discharge for the period
1945-64 (705 ft7/5). Changes in streamflow can cause
changes in aggradation rates, An increase in stream-
flow typically will cause an increase in sediment trans-

port in a stream (Phipps and others, 1995, p. 23).
Figure 19 shows mean annual discharge for the lowa
River at Marshalltown for the period of record through
water year 1994 (ending September 30, 1994). The
figure indicates a trend increasing of streamflow, It is
assumed that if a flood plain is inundated more fre-
quently, as might occur with an increase in streamflow,
more sediment will be deposited and greater aggrada-
tion rates will result. Many factors can affect stream-
flow, including changes in the quantity, duration, and
mtensity of rainfall; changes in land-use practices; and
changes in channel geometry (for example, straighten-
ing or dredging of a chanpel and draining of a wet-
land) (Phipps and others, 1995, p. 23).

Channelization

A drainage district was established in 1920 for
the purpose of straightening the lowa River to provide
flood protection for farm lands along the river bottom.
The channel of the Jowa River in Marshall County was
straightened from the Marshall-Hardin County line to
the Iowa Soldiers Home in Marshalltown (figs. 1 and
18) during the early 1920, At the tirne, this work was
considered to have been beneficial in the prevention of
flooding of the bottom lands along this reach of the
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Figure 19. Mean annual discharge for the lowa River at Marshalltown, lowa, streamflow-gaging station for the

period of record through 1994,
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river (U.S. Army Chief of Engineers, 1930, p. 44).
Opposttion to the channel straightening brought the
work to an end about 1922 (Blanchard, 1955; Mar-
shalltown Times-Republican, February 15, 1991; arti-
cles provided by Garry Brandenburg, Director,
Marshall County Conservation Board, written com-
., March 1993).

Pre- and post-channelization measurements of
channel length and channel-bed gradient of the Iowa
River were made from a channelization plan prepared
by E.B. Ingersoll, dated June 1, 1919 (plan provided
by Ed Kasper, Marshail County Engineer, November
1994). The ore-channelized length of the lowa River
between the county line and the Iowa Soldiers Home
was about 21.4 mi and the gradient was about 1.85 ft/
mi. The post-channelized length was about 14.1 mi
and the gradient was about 2.81 ft/mi. Channelization
decreased the length of the river 34 percent (7.3 mi)
and increased the gradient 52 percent (0.96 ft/mi).
From basic hydraulic principles, an increase in stream
gradient produces an increase in flow velocity. The
sediment-transport capacity of a stream is dependent
on mean flow velocity and energy slope, among other
factors; the transport capacity increases with increas-
ing mean flow velocity and energy slope (Nakato,
1981, p. 5). The present {1994} gradient of the Towa
River upstream of Marshalltown between the County
Road E18 and State Highway 14 bridges (sites 4 and
6) is about 2,59 ft/mi, and downstream of Marshall-
town it is about 1.73 ft/mi between the State Highway
14 and U.S. Highway 30 bridges (sites 6 and 7), as
determined by the difference in average channel-bed
elevations. This downstream decrease in stream gradi-
ent indicates a possible reduction in the sediment-
transport capacity of the lowa River in the vicinity of
Marshalltown.

The channelization plan noted that a typical
cross section of the river channel would have a base
width of 45-55 ft, a top width of about 67-81 ft, and a
depth of 1113 ft, and that levees would be con-
structed about 10 ft back from the top of the channel
on either bank to a height of about 13-16 ft from the
material excavated during the channelization work.
Measurements of bridge-opening cross sections sur-
veyed during 1994 indicate that current channel base
widths at County Road E18 (fig. 8) and State Highway
330 (fig. 9) are approximately 186 and 192 ft, respec-
tively, and current channel top widths are approxi-
mately 270 and 318 ft, respectively. Both of these
bridges are in the channelized reach and their bridge-
opening widths indicate that significant channel wid-

ening, on the order of about 275 to 300 percent, has
occurred since the river was straightened.

Channelization might have increased channel
erosion {channel degradation and widening) along the
main stem of the Jowa River upstream of Marshall-
town and along tributaries draining to the Iowa River.
Studies conducted in western Tennessee (Simon,
1994; Wolfe and Diehl, 1993; Simon and Hupp, 1992),
in Mississippi {Wilson and Turnipseed, 1994; Turnip-
seed and Wilson, 1992), and in eastern Illinois (Phipps
and others, 1995) document the gradation processes
and channel evolution resulting from channelization.
Reports prepared for western Iowa document conse-
quences of channelization in the Nishnabotna and
Boyer River Basins (Iowa Natural Resources Council,
1955b, p. 3, 37, 41; Campbeli and Johnson, 1970, p.
69). Channel widening and bank failure by mass-wast-
ing processes are common occurrences following
channelization in western Tennessee (Simon, 1994, p.
28 and 36), where channel erosion has resulted in an
excess of sediment in the river and aggradation has
occurred in reaches immediately downstream from the
channelized reach.

Although it has been over 70 years since the
Towa River upstream of Marshalltown was channel-
ized, consequences of this work have contributed to,
and might still be contributing to, aggradation in the
vicinity of Marshalltown. This channelized reach of
the Towa River has remained relatively straight and
has retained the same approximate post-channelized
length and gradient. Flow velocities and sediment-
transport capacity through this reach of the river have
remained relatively efficient, and sediment loads
greater than would occur had the river not been chan-
nelized might still be transported downstream to Mar-
shalltown. At Marshalltown, where the lowa River
changes abruptly from a straightened reach to a mean-
dering reach (fig. 18), flow velocities decrease as the
channel gradient decreases, reducing the sediment-
transport capacity of the river and resulting in aggra-
dation.

Floodway Structures

The construction of several floodway structures
along the Iowa River might be affecting aggradation in
the Marshalltown area. Hydraulic analyses would be
required to determine whether any of these structures
significantly affect the hydraulic properties and sedi-
ment-transport capacity of the river.
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Bridges cross the Iowa River in Marshalltown at
Center Street, at State Highway 14, and at East Main
Street. Prior to the late 1980°s, a railroad bridge also
crossed the river about 0.2 mi downstream of the East
Main Street bridge. The Center Street and State High-
way 14 bridges are shown in figure 18; the East Main
Strect bridge, located approximately five mi down-
stream of the State Highway 14 bridge, is not shown in
figure 18. When the downstream bridge of State High-
way 14 was constructed in 1968, the northbound
" causeway built across the flood plain north of the
bridge was constructed at an elevation about 3.7 ft
higher than the existing southbound causeway
{Donald Schumann, IDOT, oral commun., November
1994). In 1987, when the upstream bridge of State
Highway 14 was replaced, the southbound causeway
across the flood plain north of the new bridge was
raised to the same elevation as the northbound cause-
way. Since 1968, floods on the Iowa River have inun-
dated both the northbound and southbound lanes of the
State Highway 14 causeway north of the bridge 31
times, causing closure of the highway (Donald Schu-
mann, IDOT, written commun., April 1995).

A low-head dam was constructed during 1934
about 0.4 mi downstream of the State Highway 14
bridge to act as a surface-water elevation control for
the Marshalltown streamflow-gaging station (fig. 18).
This dam was periodically washed-out during floods
and rebuilt prior to 1968, when it was removed perma-
nently. Notes from discharge measurements made at
this site when this dam was in place refer to sand bars
forming in the channel downstream of the bridge, and
refer to the City of Marshalltown removing sand from
the channel upstream of the dam. A low-head dam
built in 1929 remains on the Iowa River just upstream
of the Center Street bridge (Iowa Conservation Com-
mission, 1979, p. 8-68),

A levee was constructed on the south bank of
the river for a distance of about 0.7 mi downstream of
the State Highway 14 bridge during the period 1937
39. Notes from discharge measurements made at the
State Highway 14 site repost that the levee was built to
a gage height of about 14 ft. Additional levee con-
struction occurred during the period 1960-62 on the
south bank of the river downstream of the bridge. A
project to provide flood protection at Marshalitown
was authotized in the 1965 Flood Control Act (U.S.
Army Corps of Engineers, 1993, p. 39). The project
consisted of levees, floodwalls, bridges, channel
improvements, and interior drainage facilities on the

Iowa River and Linn Creek (not shown in fig. 18).
Construction began in May 1972 and was completed
in 1977, During this period the levee on the south bank
of the river was improved and extended on either side
of the State Highway 14 bridge, for a distance of about
2.2 mi downstream of the bridge to Linn Creek and
about 0.4 mi upstream of the bridge (fig. 18). It is not
known what effect this levee has had on flow veloci-
ties and flood stages on the Iowa River. During large
flood events such as occurred in 1993 on the Missis-
sippi and Missouri Rivers, levees had minor overall
effects on flood stage, but they might have had signifi-
cant localized effects (Interagency Floodplain Man-
agement Review Commitiee, 1994, p. 50).

AGGRADATION SIMILARITIES BETWEEN
THE IOWA RIVER NEAR MARSHALL-
TOWN AND THE SOUTH SKUNK RIVER
NEAR OSKALOOSA

Flood-plain and floodway-aggradation rates cal-
culated for the State Highway 14 bridge crossing the
Iowa River at Marshalltown are similar to those calcu-
lated for the U.S. Highway 63 bridge crossing the
South Skunk River near Oskaloosa {table 1, rates cal-
culated using the dendrogeomorphic method and using
the stage-discharge rating-curve method for the 5-vear
flood discharge). Several conditions at these bridge
sites appear to be similar and, as a result, similar
aggradation processes might be occurring at the sites.
The South Skunk River crosses from the Des Moines
Lobe landform region to the Southern owa Drift Plain
landform region at about the same distance upstream
of Oskaloosa as the Towa River crosses from the one
landform region to the other upstream of Marshall-
town (fig. 1). Agriculture is the predominant land use
in both basins. Sediment yields from watersheds
draining to the South Skunk River upstream of Oska-
loosa apparently are comparable to sediment yields
from watersheds draining to the lowa River upstream
of Marshalitown (Upper Mississippi River Compre-
hensive Basin Study Coordinating Committee, 1970,
p. G-94 to (G-95; Upper Mississippi River Basin . .
Comuruission, 1979, p. 85-86). The South Skunk River
upstream of Oskaloosa and the Iowa River upstream
of Marshalltown have both been channelized.

The South Skunk River at Oskaloosa differs
from the Iowa River ar Marshalltown in that the South

Skunk River does not abruptly change from a straight-
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ened channel to a meandering channel near Oskaloosa.
There are fewer floodway structures (bridges and
levees) along the South Skunk River near Oskaloosa
than along the Jowa River near Marshalltown; a rail-
road bridge crosses the South Skunk River 0.4 mi
downstream of the U.S. Highway 63 bridge. Addi-
tional information is required to quantify the effects of
factors which might be significantly contributing to
aggradation at either the Marshalltown or Oskaloosa
bridge sttes.

SUMMARY AND CONCLUSIONS

Recent floods on the Iowa River at Marshall-
town during 1990, 1991, and 1993 have resulted in the
three highest stages for the period of record since at
least 1915. Recurrence intervals for these three flood
discharges are estimated to be 9, 6, and 16 years,
respectively. Concerns by the Jowa Department of
Transportation that aggradation on the lowa River
might be affecting the flow capacity of bridge open-
ings in the vicinity of Marshalltown initiated this study
to develop a better understanding of aggradation on
the Towa River. Four aggradation-measurement meth-
ods were used to investigate flood-plain and channel
aggradation and to quantify aggradation rates at
selected bridge sites. Aggradation rates were quanti-
fied at ten bridges sites on the Iowa River upstream of
Coralville Lake; bridges were located both upstream
and downstream of Marshalltown. Two bridge sites in
the central part of the Skunk River Basin were investi-
gated for comparative purposes.

A dendrogeomorphic measorement method was
used to estimate mean and median flood-plain aggra-
dation rates at the 12 bridge sites. Trees sampled for
the dendrogeomorphic analyses ranged in age from 9
to 98 years. A bridge-opening cross-section measure-
ment method was used to estimate average aggrada-
tion rates at bridge openings at the 12 bridge sites.
Measurement periods used in the bridge-opening
cross-section analyses ranged in length from 3 to 51
years. A stage-discharge rating-curve measurement
method was used to estimate average floodway and
channel aggradation rates at six of the bridge sites.
Measurement periods used in the stage-discharge rat-
ing-curve analyses ranged in length from 5 to 75
years. Sediment-pad measurements were used to esti-
mate average flood-plain aggradation rates for 1993
and for the period 1993--94 at three bridge sites on the
Towa River in the vicinity of Marshalltown.

Resuits of the aggradation measurements indi-
cate that aggradation is occurring in both the Iowa and
Skunk River Basins. For the 12 bridge sites investi-
gated in the Jowa and Skunk River Basins, mean esti-
mates of flood-plain aggradation rates calculated using
the dendrogeomorphic method ranged from 0.013 to
0.051 ftfyr, and median estimates ranged from 0.010 to
0.046 ft/yr. Bstimates of average aggradation rates at
bridge openings calculated using the cross-section
method ranged from -0.977 to 0.500 ft/yr at the 12
bridge sites. In general, slightly higher aggradation
rates were estimated for the Iowa River for the reach
from State Highway 330 near Albion downstream to
County Road V66 at Marengo. The stage-discharge
rating-curve method used the 5-year flood discharge to
estimate floodway aggradation rates and the average
discharge to estimate channel-aggradation rates at six
bridge sites in the Towa and Skunk River Basins with
streamflow-gaging stations. Estimates calculated using
the stage-discharge rating-curve method ranged from -
0.028 to 0.298 ft/yr for floodway aggradation, and
from -0.031 to 0.108 ft/yr for channel aggradation,

The highest aggradation rates calculated for the
lowa River using the dendrogeomorphic and rating-
curve methods were for the State Highway 14 crossing
at Marshalltown, where these highest rates were 0.045
and 0.124 ft/yr, respectively. The highest aggradation
rates calculated for the Skunk River Basin were for the
U.S. Highway 63 bridge crossing the South Skunk
River near Oskaloosa, where these highest rates were
0.051 and 0.298 fi/yr, respectively. The similar aggra-
dation rates calculated for both the Marshalltown and
Oskaloosa bridge sites using each measurement
method, the dendrogeomorphic method and the rating-
curve method for the 5-year flood discharge, indicate
that similar flood-plain and floodway aggradation pro-
cesses might be occurring at the two sites.

Average flood-plain aggradation rates estimated
from sediment-pad measurements at three of the
bridge sites on the Towa River in the vicinity of Mar-
shailtown ranged from 0.037 to 1.100 ft/yr for 1993,
and ranged from 0.038 to 0.579 f/yr for the period
1993-94, Sediments deposited on the pads as a result
of the 1993 flood were variable and site specific, and
depths of sediments deposited on the nine pads ranged
from (.004 to 2.95 ft.

A direct comparison cannot be made between
aggradation rates calculated using each of the four
measurement methods becauge of differences in time
periods and aggradational processes that were mea-
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sured by each method. Each of the four aggradation-
measurement methods is useful for obtaining specific
types of aggradation information and each method is
considered applicable for specific types of regionat or
statewide investigations. The rating-curve method
might provide the most useful information concerning
flood-plain and channel aggradation, but rating-curve
information only is available for a limited number of
stream sites. The rating-curve method provides spe-
cific information on selected time periods of aggrada-
tion. The dendrogeomorphic and sediment-pad
methods are applicable for most flood-plain sites. The
bridge-opening cross-section method does not provide
direct measurements of flood-plain or channel aggra-
dation, but this method does provide useful informa-
tion concerning possible changes in the flow capacity
of bridge openings. Aggradation rates estimated using
the bridge-opening cross-section method were more
variable than the rates estimated using the dendrogeo-
morphic and rating-curve methods. Because cross sec-
tions were surveyed for bridge openings following the
1993 flood, cross-sectional areas at some of the bridge
openings might have been affected by scour or deposi-
tion as a result of that flood. Aggradation rates calcu-
lated using the dendrogeomorphic method also may
have been affected by the 1993 flood, as sediment-
deposition depths were measured following the flood.
Aggradation rates calculated using the rating-curve
method were not affected by the 1993 flood, as all of
the rating curves used in the analyses were in effect
before the flood.

Several interrelated factors might be contribut-
ing to the relatively high rate of aggradation of the
lowa River at Marshalltown. Erosion potential in the
Towa River Basin and sediment vields to the Towa
River increase between Alden and Eldora mainly as a
result of the steeper topography that occurs in the
basin as the Iowa River crosses from the Des Moines
Lobe landform region to the Southern lowa Drift Plain
landform region. Although erosion potential in the
Iowa River Basin and sediment yields to the Iowa
River downstream of Marshalltown might be as great,
or greater, than erosion potential and sediment vields
to the Iowa River upstream of Marshalltown, aggrada-
tion rates apparenily are greater for the lowa River at
Marshalltown than downstream of Marshalltown. Ero-
sion is a problem in the Marshall County area and it
might be intensified by the occurrence of thick depos-
its of loess soils. High sediment yields to the Iowa
River might occur from channel erosion along the

lowa River and from erosion from watersheds drain-
ing to the lowa River in the Marshall County area.
Channelization of the Towa River upstream of Mar-
shalltown reduced the length of the river and increased
the gradient, and higher flow velocities probably occur
through this channelized reach of the river. The sedi-
ment-transport capacity through the channelized reach
of the river might deliver a high sediment load down-
stream to Marshalltown. At Marshalltown, where the
lowa River changes abruptly from a straightened reach
to a meandering reach, flow velocities decrease ag the
channel gradient decreases, reducing the sediment-
transport capacity of the river and causing sediment to
deposit.

Information on recent aggradation rates indi-
cates that the Iowa River at Marshalltown might be
aggrading at a rate greater than that caleulated for
longer measurement periods. A similar trend appears
to be occurring for specific aggradational processes at
three of the four other bridge sites where information
on recent aggradation rates was available. Streamflow
in the Jowa River at Magshalitown appears to have
increased over the period of record (since about 1915).
A trend of increasing streamflow for the lowa River at
Marshalltown combined with an aggrading channel
might be causing more frequent overbank flows and
increased flood-plain aggradation.
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